INTRODUCTION
============

The prevalence of cholelithiasis increases with age, and among patients aged ≥80 yr, prevalence rates as high as 38% to 53% have been reported.[@B1],[@B2] Biliary tract disease is the single most common cause of acute abdominal complaints and accounts for approximately one-third of all abdominal operations in the elderly.[@B3] An increased incidence of common bile duct (CBD) stones is also associated with advanced age.[@B4] Elderly patients frequently have significant comorbid diseases and limited functional reserve, which may increase the perioperative mortality rate from 1.5% in patients with no concomitant diseases to 6.1% in patients with \>3 additional conditions.[@B5] Emergency cholecystectomy without proper preoperative management of comorbidities and acute inflammation also significantly increases the mortality rate from 2% to 10%.[@B6],[@B7] At our institution, most elderly patients with gallstones undergo elective cholecystectomy after a thorough preoperative evaluation and management of comorbid disease and CBD stones, as a means of reducing perioperative complication and mortality. We apply the American Society of Anesthesiologists (ASA) score for evaluating the preoperative health of elderly surgical candidates before the operation. It is known that the ASA score has a strong association with postoperative morbidity and mortality.[@B8] We conducted this study to know how much preoperative management affects the outcome of elderly patients undergoing cholecystectomy.

MATERIALS AND METHODS
=====================

A total of 452 patients age \>80 yr who underwent cholecystectomy for biliary tract disease from January 1997 to December 2015 were included in the study. Patients who underwent incidental cholecystectomy were excluded.

Information obtained from database and hospital records were used to gather the patients\' demographic details. Preoperative, operative, and postoperative data were collected through a review of case notes. These data included level of urgency on admission, location of biliary stones based on clinical and radiologic assessments, preoperative comorbidities and managements, changes in ASA score and leukocyte counts between the time of admission and before the operation, type of operation according to urgency and operation method, need for conversion to an open procedure, and postoperative complications.

Preoperative assessments for biliary stones included abdominal ultrasonography (US), CT, and/or magnetic resonance cholangiography (MRC) for hypersensitive patients. Preoperative endoscopic retrograde cholangiopancreatography (ERCP) and consequent endoscopic nasobiliary drainage (ENBD) were performed in patients suspected to have CBD stones or other bile duct etiologies based on imaging evaluations and liver function tests. Patients with acute cholecystitis but not responding to antibiotics underwent percutaneous cholecystostomy (PTGBD) to reduce inflammation and improve surgical performance. Percutaneous transhepatic biliary drainage (PTBD) was performed in patients who were unable to go through ERCP due to previous operation history such as gastrectomy and unstable vital sign. Cardiopulmonary workups including echocardiography, thallium scan, and pulmonary function test (PFT) were performed before the operation, with echocardiography and PFT being mandatory for all patients. Routine intraoperative cholangiography was not applied. Clinical assessment was performed by the attending surgeon and, when necessary, the attending anesthetist. Specific outcomes were assessed in terms of any change in the patients\' urgency and ASA score between admission and operation day, as well as differences in outcomes according to preoperative biliary drainage.

Statistical analysis was performed using SPSS for Windows release 11.0.0 (SPSS, Chicago, IL, USA). Differences between groups were determined using χ^2^ and Fisher\'s exact test for categorical variables. Continuous variables were expressed as mean±SD, and comparisons between means were done using Student\'s t-test. A *p*-value of \<0.05 was considered significant.

This study was approved by the institutional review board in Asan Medical Center (2018-0032).

RESULTS
=======

The demographic characteristics of the patients are shown in [Table 1](#T1){ref-type="table"}. The mean patient age was 82.81±2.70 yr and 82.60±2.61 yr in the intervention (preoperative biliary drainage) and non-intervention groups, respectively (*p*=0.431). The proportion of male patients was 47.6% (n=136) and 42.2% (n=70) each in the 2 groups (*p*=0.268). There were 228 (79.7%) and 64 (38.6%) patients who were admitted to the hospital via the emergency department in the intervention and non-intervention groups, respectively (*p*=0.000). The diagnostic process of preoperative imaging evaluation and cardiopulmonary workup showed no significant difference between the 2 groups (*p*=0.453 and *p*=0.275).

Preoperative diagnosis showed statistical differences between the 2 groups ([Table 1](#T1){ref-type="table"}). A total of 148 (51.7%) patients in the intervention group had gallbladder and CBD stones combined, and 7 (4.2%) patients in the non-intervention group had gallbladder stone with CBD stone (*p*=0.000). There were 118 (41.3%) patients in the intervention group and 31 (18.7%) patients the in non-intervention group (*p*=0.007) who had ASA score \>3. WBC counts were significantly higher in the intervention group (11.38×10^3^) than in the non-intervention group (7.96×10^3^) on admission (*p*=0.000). However, there was no statistical difference in WBC count between the 2 groups at the time of the operation.

Within the intervention group, endoscopic nasobiliary drainage tube insertion was performed in 162 patients (57.4%) and percutaneous transhepatic gallbladder drainage tube insertion in 115 (48.2%) patients preoperatively ([Table 2](#T2){ref-type="table"}).

The postoperative outcomes are shown in [Table 3](#T3){ref-type="table"}. The preoperative hospital stay duration was longer in the intervention group than in the non-intervention group (8.41±5.20 vs. 5.75±4.89 days, *p*=0.000); however, the postoperative hospital stay duration was not statistically different between the 2 groups (9.40±4.80 vs. 6.49±7.19 days, *p*=0.439). A total of 285 (99.7%) patients in the intervention group and 163 (98.2%) patients in the non-intervention group underwent elective surgery (*p*=0.140). Only 1 (0.3%) patient in the intervention group and 3 (1.8%) patients in the non-intervention group underwent emergency surgery. Laparoscopic cholecystectomy was performed in 210 (73.4%) patients in the intervention group and 120 (72.3%) patients in the non-intervention group (*p*=0.798). The conversion rate was 11.2% (n=32) in the intervention group and 9.0% (n=15) in the non-intervention group, with no statistical significance (*p*=0.470). Postoperative intensive care unit (ICU) management was needed in 30 (10.5%) patients in the intervention group and 10 (6.0%) patients in the non-intervention group (*p*=0.107). There was no statistical difference in RBC transfusion and operation time between the 2 groups. We classified the surgical complications according to the Clavien-Dindo classification.[@B9] The number of patients who required interventional treatment was 11 (3.8%) in the intervention group and 8 (4.8%) in the non-intervention group (*p*=0.425). There were 3 cases of in-hospital mortality involving patients in the intervention group.

DISCUSSION
==========

The population of Korea has increased significantly over the past few generations, mostly as a result of decreased mortality due to medical and public health interventions accompanied by increased income. According Mathers et al.[@B10] by 2011, the life expectancy of persons aged 80 yr in a high-income country was 8.7 yr for men and 11.0 yr for women, compared with 6.2 yr for men and 7.7 yr for women in 1980.

As the number of geriatric patients increases, it becomes increasingly important for every surgeon to have a clear understanding of factors that influence the life expectancy of elderly patients.[@B11] Particularly, a hepatobiliary surgeon should know well about such factors because biliary tract disease is the single most common cause of acute abdominal complaints and accounts for approximately one-third of all abdominal operations in the elderly population.[@B12] Elderly patients could be challenging to treat because they present with vague symptoms that are difficult to distinguish from other abdominal etiologies, often require open abdominal surgery, and nearly two-thirds of them are admitted to the hospital in an emergency setting. In these circumstances, the existence of comorbid diseases and the decision to perform emergency operation are closely related to the mortality rate.[@B13] Meanwhile, CBD stones are often accompanied by gallstone diseases and an additional choledocholithotomy procedure during the operation significantly increases the incidence of complications. However, nowadays, endoscopic removal of CBD stones can be performed in \>90% of relevant cases.[@B14]

There are 2 important factors affecting the mortality of elderly patients undergoing cholecystectomy. One is comorbid disease and the other is limited functional reserve.[@B15] Therefore, we attempted to correct these factors preoperatively to reduce mortality and complications after cholecystectomy.

At our institute, when managing geriatric patients with gallbladder disease, we first attempt to assess for the presence of CBD stones through imaging evaluations (US, CT scan, ERCP, and MRC), and we also assess the patient\'s baseline cardiopulmonary function. If the patient has a CBD stone or severe inflammation, we attempt to perform endoscopic treatment and/or percutaneous drainage first. After resolving such problems, we perform an elective operation rather than an emergency operation.

It is well known that the ASA score, which helps in evaluating the preoperative risk, is an effective method to predict the postoperative morbidity and mortality of geriatric patients.[@B8],[@B16],[@B17],[@B18] We used the ASA score to compare a patient\'s medical status before and after the interventional treatment. The proportion of patients with ASA score ≥3 in the intervention (preoperative biliary drainage) group was 41.3%. After the preoperative interventional treatment, the proportion of those patients declined to 16.1% at the time of the operation. Although patients in the intervention group tended to have higher ASA scores on admission, postoperative outcomes such as complication and mortality rates were not statistically different between the 2 groups. It was notable that the ASA score of the non-intervention group decreased before the operation compared with that on admission. This is because even without preoperative biliary drainage, conservative treatment such as administration of antibiotics and analgesics helped relieve the patients\' symptoms and aided their recovery from physical derangement.

The operation type, conversion rate, and ICU stay did not show statistical differences between the intervention and non-intervention groups. The most common reason for conversion to open cholecystectomy (n=32, 11.2%) was severe adhesion (n=29) after upper abdominal surgery in the intervention group. The rate and main cause of conversion operation were similar between the 2 groups (*p*=0.470). Postoperative ICU management was needed in 30 (10.5%) and 10 (6.0%) patients in the intervention and non-intervention groups, respectively. A total of 3 patients (1.1%) in the intervention group died within 3 mo after the operation. The causes of death were acute kidney injury, aspiration pneumonia, and sepsis combined with mesenteric infarct, respectively. According to Nielsen et al.,[@B19] patients aged ≥80 yr who underwent cholecystectomy, mortality rate after surgery was 6.3%. It is notable that our study showed significantly lower rate of mortality compared to other studies. In addition, since intervention group and non-intervention group\'s mortality rate showed no statistical difference (*p*=0.301), cholecystectomy can be considered as a safe treatment option for intervention group patients without additional risk for mortality.

The most common postoperative complications were respiratory complications, wound infection, and residual stone, in that order ([Table 4](#T4){ref-type="table"}). We compared the complications between the intervention and non-intervention groups, and each of the complications showed no statistical difference between the 2 groups. It is noteworthy that the complication rate in patients in the intervention group who underwent surgery was similar to that of the non-intervention group, which is opposite to the common notion that patients who need intervention will have more complications owing to their higher disease severity. This guarantees that the surgery is safe without conferring a higher risk of complications after the intervention.

However, this study has a few limitations. First, this study has a retrospective design. Second, as the results of this study only convey the outcomes of patients who underwent surgery, patients with gallbladder disease who only received conservative treatment without surgery were not included, which confers the possibility of a selection bias.

In conclusion, proper preoperative evaluations and preoperative biliary drainage allow reductions in the ASA score, making surgery a safe treatment option for elderly patients needing a cholecystectomy.

###### Characteristics of patients
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ER, emergency room; OPD, outpatient department; MRCP, magnetic resonance cholangiopancreatography; GB, gallbladder; CBD, common bile duct; ASA, American Society of Anesthesiology

###### Types of preoperative interventional approach in the intervention group
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ENBD, endoscopic nasobiliary drainage; PTGBD, percutaneous transhepatic gallbladder drainage; PTBD, percutaneous transhepatic bile drainage

###### Postoperative outcomes
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HD, hospital days; OP, operation; ICU, intensive care unit

###### Postoperative complications
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